Ground magnetic anomaly separation using Reduction-To-the-Pole (RTP) technique and the 13 fractal concentration-area (C-A) method has been applied to the Qoja-Kandi prosepecting area 14 in NW Iran. The geophysical survey resulting in the ground magnetic data was conducted for 15 magnetic elements exploration. Firstly, RTP technique was applied for recognizing 16 underground magnetic anomalies. RTP anomalies was classified in to different populations 17 based on the current method. For this reason, drilling point areas determination by RTP 18 technique was complicated for magnetic anomalies, which is in the center and north of studied 19 area. Next, C-A method was applied on the RTP-Magnetic-Anomalies (RTP-MA) for 20 demonstrating magnetic susceptibility concentrations. This identification was appropriate for 21 increasing the resolution of the drilling point areas determination and decreasing the drilling 22 risk issue, due to the economic costs of underground prospecting. In this study, the results of 23 C-A Modeling on the RTP-MA are compared with 8 borehole data. The results shows that there 24 is a good correlation between anomalies derived via C-A method and log report of boreholes. 25
The TMI anomaly map 5
The Total-Magnetic-Intensity (TMI) map of the Qoja-Kandi area was obtained to delineate the 6 subsurface anomaly. Fig. 2 indicates TMI with ground magnetic data points. The ground 7 magnetic anomalies range from 38633 to 69509 nT and are characterized by both low and high 8 frequencies of anomalies. The map reveals that dipolar (anomalies having positive and negative 9 components) magnetic anomalies have a general E-W direction, which is in the center and north 10 of studied area. There are three obvious dipolar magnetic anomalies (two anomalies in the east 11 and west of the center and one anomaly in the north) in the Qoja-Kandi prospecting area which 12 are expected to depend on two magnetite dyke in andesite units. 13
Reduction to the pole technique 14
A difficulty in interpretation with TMI anomalies is that they are dipolar (anomalies having 15 positive and negative components) such that the shape and phase of the anomaly depends on 16 the part of magnetic inclination and the presence of any remanent magnetization. Because of 17 depending magnetic anomaly on the inclination and declination of the body's magnetization, 18 the inclination and declination of the local earth's magnetic field, and the orientation of the 19 body with respect to magnetic north, (Baranov, 1957) and (Baranov and Nudy, 1964) proposed 20 a mathematical approach known as reduction to the pole for simplifying anomaly shape. 21
The reduction-to-the-pole (RTP) technique transforms TMI anomalies to anomalies that would 22 be measured if the field were vertical (assuming there is only an inducing field). This RTP 23 transformation makes the shape of magnetic anomalies more closely related to the spatial 24 location of the source structure and makes the magnetic anomaly easier to interpret, as anomaly 25 maxima will be located centrally over the body (provided there is no remanent magnetization 26 present). Thus, the RTP reduces the effect of the Earth's ambient magnetic field and provides a 27 more accurate determination of the position of anomalous sources. It is therefore understood 28 that the total magnetization direction is equivalent to that of the current inducing filed. 29
Before applying the methods, the total field anomaly data were converted to RTP using a 1 magnetic inclination of 55.43° and a declination of 4.93°. RTP anomalies, shows three obvious 2 magnetic anomalies (two anomalies in the east and west of the south and one anomaly in the 3 north) in the studied area, elongated in approximate E-W direction. The highest class of RTP-4
Magnetic-Anomalies (RTP-MA) based on Reduction to the pole technique is > 55370.7 nT with 5 24941.79 square meters area. Also, RTP anomalies was classified to different populations based 6 on this method, as illustrated in Fig. 3 . Based on this method, drilling points determination with 7 RTP technique was complicated. 8
Application of C-A Modeling on the RTP-MA 9
Multifractal models are utilized to quantify patterns such as geophysical data. Fractal and 10 multifractal modeling are widely applied to distinguish the different mineralized zones (Cheng, 11 2007) . Multifractal theory could be interpreted as a theoretical framework that explains the 12 power law relationships between areas enclosing concentrations below a given threshold value 13 and the actual concentrations itself. To demonstrate and prove that data distribution has a 14 multifractal nature, an extensive computation is required (Halsey et al., 1986) . This method has 15 several constrains especially when the boundary effects on irregular geometrical data sets are In this study, 57307 transformed RTP data were processed for identification of magnetic 26 anomalies. Statistical results reveal that RTP-MA mean value is 48441 nT, as depicted in Fig.  27 4, and the RTP-MA domain shows a wide range. C-A Modeling overcomes the distortion effects 28 of outliers on the traditional techniques and makes it unnecessary to determine whether the concentration 29 data are drawn from a normal (i.e., Gaussian) distribution or log-normal distribution, and this advances 30 the analysis resolution of anomalies (Fig. 5) . RTP-MA distribution map was generated with 31 minimum curvature method. The estimated RTP-MA model in terms of RTP data values was 32 intended to build of the C-A log-log plot for RTP-MA. Based on linear segments and 1 breakpoints log-log plot, as shown in Fig. 6 and below the threshold of 6022 nT on the contour map (Fig. 3 ) with the RTP map shows 7 significant spatial correlation between the areas with RTP-MA concentration above 6022 nT. 8
These geophysical populations were determined based on the breakpoints in log-log plot. (Table 3 ). There are 8 drilled boreholes in this area 20 that are used for identification of magnetic anomalies obtained from boreholes (Fig. 8) . The 21 drilled boreholes were analyzed and studied by geologists. Hence, range of magnetite ores in 22 each borehole were obtained and documented as log report in Table 3 point is significant that borehole 1 and 2 were drilled in mentioned places and confirmed the 29 results of C-A model (Fig. 9) for increasing the resolution of drilling point determination and 30 decreasing the drilling risk. Fig. 9 shows 3D RTP map of Qoja-Kandi based on C-A method 31 with pictures from magnetite zones in the surface of drilled borehole1 and 2, in addition of 32 mentioned boreholes log plots. It is necessary to mention that, the TERRA satellite has a back-1 looking telescope with a resolution of 15 m in the VNIR that matches with the wavelength of 2 the band 3 that is used to extract 3D information for provided Fig. 9.  3 The results confirmed there is affirmative correlation between anomalies derived via C-A 4 method and log report of boreholes. Furthermore, the ratio of the ore length and total core length 5 is calculated in Table 3 . The number of this ratio is between ranges of 0 to 1. Whatever this 6 number is larger and close to 1, the resolution of the drilling point determination increase and 7 the drilling risk decrease. The results shows positive correlation between the ratio of the ore 8 and total core column, and Priority areas for drilling column. Based on this study, anomalies 9 associated with andesite units host iron mineralization. Also, there isn't any mineralization in 10 other geological units such as limestones and conglomerates in northwest of the studied area. It 11 should be noted that, magnetite ores have outcrops in andesite units (Fig. 9) . 12
Conclusions 13
Separation of magnetic anomalies using combine of RTP technique and C-A fractal modelling 14 has been used in Qoja-Kandi prospecting area as a new geophysical method for increasing the 15 resolution of the drilling points determination. This study demonstrates that C-A method 16 utilizaing for ground magnetic anomaly separation is an appropriate manner for geophysical 17
prospecting. 18
There was a multifractal model for RTP-MA, based on Log-log plots in the prospecting area.In 19 this paper, RTP anomalies results from C-A method and RTP technique were compared. 20
Anomalies resulting from RTP technique show huge anomalies in three parts, but C-A method 21
show two small anomalies. RTP anomalies based on RTP technique are similar to anomalies 22 from C-A method because of normal distribution in Qoja-kandi area. According to correlation 23 between geological particulars and RTP anomalies obtained from C-A method, andesite units 24 host the anomalies in the studied area. 25
There is an appropriate correlation between the calculated anomalous threshold values and ore 26 thicknesses in total cores. Also, the ratio of the ore length and total core length is related to 27 anomalous threshold, calculated with C-A method. Based on RTP technique, three anomalies 28 (two RTP anomalies were identified in the east and west of the southern part of the area and 29 one anomaly in the northern part). Also, according to the C-A method, two small anomalies are 30 situated in the east of southern part of the prospecting area with very high priority for drilling. 31 Borehole 1 and 2 were drilled in mentioned places and confirmed the results of C-A model for 1 increasing the resolution of drilling point determination and decreasing the drilling risk. 2
Hence study geophysical magnetic anomalies with the C-A method can be a proper way for 3 geophysists to find targets with enriched magnetic elements. Also, applying C-A log-log can 4 increase the resolution of the drilling point determination and decrease the drilling risk. 
